All graphene was grown using standard literature methods on 25 µm thick Cu foils, as indicated in the main text. Prior to G 1 , Cu substrates were annealed at T = 1000 ºC in an H 2 environment for ~1 hour. CH 4 was then introduced for 10 minutes in order to synthesize graphene, after which the reactor was cooled to room temperature. This anneal was not performed for G 2 growths (except for the sample shown in Fig. 1b right, which was annealed for 10 minutes at 1000 ºC in order to ensure removal the induced copper oxide).
Figure S1a below shows Raman spectra of various graphene growths. As noted in the main text, the n-doped graphene exhibits an additional D' peak due to substitutional dopants. The G 1 growths show a slight enhancement of the D and G peaks, likely due to a small amount of amorphous carbon left from the patterning process. S1b and c show DF-TEM images of samples grown using the successful orders as indicated in the table below. We have found that performing the G 2 synthesis in a lower reactive environment ("Slow" growth) does not yield well connected films, as stated in the main text. Suspended samples S2a) showing structural integrity (Fig. S2b) . 
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The thickness of h-BN in Fig. 3c was estimated by a quantitative analysis based on the difference of phase shifts between the bottom and top graphene. Phase shift ( φ) was denoted by 
Integrity of lithographically defined features
In order to ensure that the lithographically defined features maintain their integrity, comparisons before and after the second growths were made. Figure S6a 
Mobility Calculations
Field-effect mobilities were calculated using the formula 1/C TG *(dg DS /dV TG-S ), where C TG was taken to be the ideal value for the thickness of SiO 2 (as determined by AFM measurements;
values of C TG ranged from ~29-35 nF/cm 2 ) and dg DS /dV TG-S was taken from the low doping regime (i.e. near the Dirac point).
Device hysteresis
A representative plot of device hysteresis is shown below (taken from an i-G 1 device). 
